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Inventor: Alek C. Chen 
Background of the Invention 

Field of the Invention 

The following invention relates generally to microelectronics manufacturing, and specifically 
to proximity X-ray lithography. 

Related Art 

Large scale integrated circuits (LSIs) are continuing to push the envelope of increasing 
complexity on semiconductor chips, with the advent of very large scale integrated circuits (VLSIs) 
and ultra large scale integrated circuits (ULSIs). An increasing number of circuit elements, like 
transistors, resistors, and capacitors are added with metal interconnections, to increase the size and 
complexity of chips. 

Semiconductor chips are manufactured using a series of masks in the lithographic process. 
During lithography, successive patterns of materials on and regions in a semiconductor wafer are 
chemically or photochemically induced onto the surface of the wafer using the mask as a template. 
The patterns, including lines and holes, define the circuit elements, such as transistors. 
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Initially, the semiconductor wafer is covered with resist material, such as photoresist. The 
resist material is responsive to incident energy, such as an electromagnetic radiation. Examples of 
electromagnetic waves used are visible light, ultraviolet light, electron beams, and x-rays. Where 
the resist material is exposed to the radiation, it chemically activates the resist, by for example 
5 etching a hole in the substrate. 

In lithography, the mask is used to determine where the electromagnetic radiation is 
permitted to contact the resist material. The mask functions to mask certain regions of the resist 
material from the incident energy but not other regions, by permitting the radiation to pass through 
some regions (called transmissive regions), and preventing the radiation from passing through other 
10 regions (called non-transmissive regions). 

There are different types of lithography. One type of Hthography uses projection optics. In 
this type of lithography, the pattern on the mask is reduced in size using special optical lenses before 
being transmitted to the resist material using the incident energy. 

Another type of lithography is proximate lithography. In this type of lithography, there is 
15 a one-to-one correspondence in size between the pattern and the mask, meaning the pattem is not 
reduced or enlarged in size before being transmitted onto the mask using the incident energy. In 
proximate hthography, the size of the printing gap (also called an exposure gap or space) between 
the resist on the wafer and the mask is quite significant. For modem chips, gaps on the order of 10- 
40 microns are required for the pattems. 
20 Proximate lithography exposure and aligner tools are machines used to align the mask on the 

wafer. There are numerous aligners used by persons skilled in the art. One manufacturer of an 
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aligner is Silicon Valley Group Lithography (SVGL). Another manufacturer is Suss Advanced 
Lithography (SAL). 

For modem chips, pattern lines having dimensions on the order of less than 200 nanometers 
must be drawn. The smaller the width of the pattern line, the narrower the exposure gap that is 
required. For a 200 nm dimension, gap sizes on the order of 20 micrometers are required. 

The gap can vary because of such factors as: illumination non-uniformities, which are non- 
uniformities based on varying illuminations by the incident energy source (i.e., different exposures 
in different areas on the wafer); the wafer being originally placed such that the gap is non-uniform; 
and non-uniformities caused by the movement of the wafer, either when it is brought in the 
5^1 10 proximity to the mask during exposure or moved along the plane of the wafer during the exposure 
■'^i (known as stepping). 

Typically, the gap is not measured directly when incident energy exposures are performed. 
r|| The gap is measured between exposure steps of the aligner and exposure tool, when the tool exposes 

Q the mask to incident energy. It is hoped that the gap does not change during the exposure step. The 

^=-1 1 5 average gap between the mask and the wafer, as well as the tilt (or the variation in the gap between 
different regions of the wafer) is not known during actual exposure. 

This exposure gap verification is difficult to perform directly, because time consuming 
scanning electron microscopy measurements are needed to infer the exposure gap. Therefore, 
independent verification of the gap settings of the exposure and aligner tool cannot be performed 
20 firequently, because of the time consuming, difficult procedures involved. What is required is a 
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simpler, less time-consuming, more cost-effective way of determining the exposure gap between the 
exposure steps of the exposure tool 

5 

Summary of the Invention 

The present invention is directed to a method, and a system for implementing the method, 
for determining an exposure gap between a mask and a resist material, where the resist material is 
exposed to an incident energy transmitted through exposure regions of the mask. The method 

1 0 includes the steps of: providing first gratings on one or more sides of a first structure defined by one 
or more first regions of the mask; providing second gratings on one or more sides of a second 
structure defined by one or more second regions of the mask; exposing the first and the second 
structures to the incident energy; measuring a difference between a location in the first structure and 
a location in the second structure; and extrapolating the exposure gap firom the difference. 

15 In one embodiment, a mask writing tool is used to provide the first gratings and the second 

gratings. 

The step of providing the first gratings can include the step of: providing gratings on a pair 
of adjacent edges of an internal box structure defined by the one or more first regions. The step of 
providing the second gratings includes the step of: providing gratings on a pair of adjacent edges of 
20 an extemal box structure defined by the one or more second regions located opposite from the pair 
of adjacent edges of the intemal box structure. 
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In one embodiment, the step of providing the first gratings includes the step of: providing 
gratings on a pair of opposite edges of an internal box structure defined by the one or more first 
regions. In this embodiment, the step of providing the second gratings includes the step of: 
providing gratings on a first edge of the internal box structure and on a second edge of an external 
5 box structure defined by one of the second regions, the first and the second edge being located 
opposite fi"om one another. 

In another embodiment, the step of providing the first gratings includes the step of: drawing 
a plurality of pattern lines having relatively thin width portions and relatively thicker finger 
projectile portions on a semiconductor resist material, the thin width portions and the finger 
1 0 projectile portions placed in an adjacent manner to form a comb-like pattern. The step of providing 
the second gratings can also include the step of drawing a plurality of pattem lines having relatively 
thin width portions and relatively thicker finger projectile portions on a semiconductor resist 
material, the thin width portions and the finger projectile portions placed in an adjacent manner to 
form a comb-like pattem. 

15 In one embodiment, the method further includes providing the first gratings and the second 

gratings to have the same pattem line widths. In another embodiment, the method fiirther includes 
providing the first gratings and the second gratings to have different pattem line widths fi-om one 
another. 

The above measuring step can include the step of: measuring a difference between a center 
20 in the first box stmcture and a center in the second box structure. The above extrapolating step can 
include the step of: applying an empirical relationship between a given pattem line width, a given 
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exposure gap, and a given line shortening effect to determine the exposure gap. A proximate 
lithography metrology tool can be used to implement the applying step. 

Brief Description of the Figures 

The present invention will be described with reference to the accompanying drawings, 
wherein: 

FIGURE 1 is a graphical representation of the pattern line shortening effect based on 
exposure, derived from empirical data; 

FIGURE 2 is a second graphical representation of the pattern line shortening effect based on 
the empirical data; 

FIGURE 3 is a top view, illustrating a modified box-in-box overlay metrology target; 

FIGURE 4 is an exemplary portion of gratings as provided in the present invention; 

FIGURE 5 illustrates a target post exposure from an incident energy source; 

FIGURE 6 illustrates the same target structure as in FIGURE 3, to provide a different 
embodiment of the same essential concept; and 

FIGURE 7 is a third graphical representation of the pattern line shortening effect, illustrating 
respective line width differences. 

In the figures, like reference numbers generally indicate identical, functionally similar, and/or 
structurally similar elements. The figure in which an element first appears is indicated by the 
leftmost digit(s) in the reference number. 
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Detailed Description of the Preferred Embodiments 

In the following description of the preferred embodiments, reference is made to the 
accompanying drawings which fonn a part hereof, and in which is shown by way of illustration 
specific illustrative embodiments in which the invention maybe practiced. These embodiments are 
described in sufficient detail to enable those skilled in the art to practice the invention, and it is to 
be understood that other embodiments may be utilized and that logical, mechanical and electrical 
changes may be made without departing firom the spirit and scope of the present invention. The 
following detailed description is, therefore, not to be taken in a limiting sense. 

The present invention uses test structures to simply and cost-effectively solicit exposure gap 
information between the exposure steps of proximity lithography. The test structures take advantage 
of the relationship between the width of a pattern line, the exposure gap, and the tendency of the 
pattern line to shorten following an exposure step. By measuring the test structure post an exposure, 
the exposure gap is easily determined for each exposure step, and for each variation in an exposure 
step. 

FIGURE 1 is a graphical representation of the pattern line shortening effect based on 
exposure, derived from empirical data. FIGURE 1 is based on the work of Scott Hector et al (Scott 
Hector et al , "Electron Ion Photon Beam Nanotechnology Conference", 1 997), incorporated herein 
by reference in its entirety. 

The abscissa expresses the ground rule (or width of the pattern line) in nanometers. The 
ordinate expresses how much each pattern line shortens in nanometers. 
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There are a variety of lines presented, each having a different exposure gap, which as noted, 
is the gap between the mask and the resist material. Line 102 is an 1 1 micrometer exposure gap, 
meaning it provides the relationship between the Hne width and the line shortening effect for an 1 1 
micrometer exposure gap. Line 104 is a 12 micrometer exposure gap. Line 106 is a 15 micrometer 
5 exposuregap. Line 108 is a 17. 5 micrometer exposure gap. Line 110 is a 22.5 micrometer exposure 



gap. 

As illustrated, each of lines 1 02-1 1 0 shorten post exposure. Exposure refers to the exposure 
of the mask and resist material to an incident energy source, such as x-rays, used in proximity 
lithography. 

i^l 1 0 However, the line shortening effect is even more pronounced with larger gaps. For example, 

m lines 108 and 110, which represent the 17.5 and 22.5 micrometer gaps, respectively, have the 

M steepest declining slopes. Here, the line shortening varies dramatically for given changes in the 

H pattern hne widths. For lines 102, 104, 106, which represent the 11, 12 and 15 micrometer gaps, 

:;5 respectively, the line shortening varies less drastically for given changes in the line widths. 

15 The line shortening effect differences, for different gaps, can also be viewed by fixing the 

hne width. For a ground rule of 100 nanometers, the line shortening for gaps 102-106 are fixed at 
approximately 58 nanometers, but is much larger for wider gaps of above 1 5 micrometers (lines 1 08, 
110). 

FIGURE 2 is a second graphical representation of the pattern line shortening effect based on 
20 the empirical data presented in FIGURE 1 . Here, the exposure gap is the abscissa, in micrometers, 
and the line shortening is provided as ordinate in nanometers, as a function of the gap. 
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Lines 202, 204, 206 and 208 express the relationship between the gap and the Hne shortening 
for different values of line widths. Line 202 is the relationship for a line width of 80 nanometers. 
Line 204 is the relationship for a line width of 1 00 nanometers. Line 206 is the relationship for a line 
width of 120 nanometers. Line 208 is the relationship for a line width of 150 nanometers. 

FIGURE 2 illustrates that for a fixed gap, the line shortening effect is more pronounced for 
narrower lines. For example, at a gap. of 12 micrometers, the line shortening effect for line 202 (line 
width 80) is almost 70 nanometers, whereas for the same gap, the line shortening effect for line 208 
(line width 150) is approximately 40 nanometers. 

It should also be noted that lines 202-208 generally increase in line shortening effect as the 
gap increases. For example, for a gap of approximately 12 nanometers to a gap of approximately 
17 nanometers, the line shortening effect of line 202 increases, because the slope of line 202 is 
positive. 

However, these increases of line shortening with increases in gap are not necessarily 
monotonic. From FIGURE 2, line 202 levels off from a gap of approximately 17 nanometers to a 
gap of approximately 22 nanometers. However, the overall change in line shortening between the 
endpoints of line 202 (approximately 1 1 nanometers to approximately 22 nanometers) is an increase. 

Similarly, there are portions of the lines where a greater gap actually causes a decrease in line 
shortening. This is true, for example, for line 206 (line width 120 nanometers) between a gap of 
approximately 12 micrometers to a gap of approximately 15 micrometers. 

The following figures are used to describe the present invention. FIGURE 3 is a top view, 
illustrating a modified box-in-box overlay metrology target 300. Target 300 includes a 
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photolithography mask. The mask has a covered area 306. In other words, the mask is actually a 
membrane (comprising metal materials or the like, as recognized by those skilled in the art) covering 
this region. The incident energy, such as an x-ray beam, is not permitted to penetrate this covered 
area. However, the incident energy is permitted to penetrate the region between box 306 and box 
5 304. In one embodiment, box 304 is on the order of approximately 20 microns by 20 microns. 

Target 300 includes two gratings regions 308 and 310. Gratings are modified portions of line 
patterns, as described below with respect to FIGURE 4. Gratings 310 cover the right vertical side 
of box 3 1 0. Gratings 308 cover the left vertical side of box 308. Gratings regions 308, 3 10 are also 
referred to as test structures. These test structures are used to determine the gap between the mask 
10 and resist material below the mask, using the relationships expressed in FIGURES 1 and 2. 

Also illustrated are center lines 312 and 314. Center lines 312, 314 are the center lines of 
both boxes 304 and 306. Center lines 312, 314 cross at 316, which is the geometric center of both 
boxes 302 and 306. 

Although in the present embodiment opposite gratings on single sides of the boxes are used 
1 5 (e.g., gratings 308 and gratings 3 1 0), those skilled in the art will recognize that other variations are 
also possible. For example, it is possible to place gratings on the bottom horizontal and left vertical 
side of box 308, and the top horizontal and right vertical side of box 308. This will be made clear 
from the discussion below. 

FIGURE 4 is an exemplary portion of gratings 308, The gratings are illustrated to comprise 
20 a narrow region 404 and a finger region 402. This pattern of narrow and finger regions are repeated 
to create the gratings 308. Therefore, gratings 308 has a comb structure. 
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Finger region 402 comprises a width portion 408 and a projectile portion 406. In one 

embodiment, the length of narrow region 404 is 200-400 nanometers. In the same embodiment, 

finger region 402 has a projectile portion 406 of 1000-2000 nanometers, and a width portion 408 of 

80-100 nanometers. Any standard mask writing tool can create the gratings provided in this 

5 embodiment. 

FIGURE 5 illustrates target 300 post exposure fi-om the incident energy. Because of the 
structure of the gratings (especially the thin width portions 408, the thin projectile portions 404, and 
the narrow regions 404) gratings 308 and 310 decrease substantially in comparison to the opposite 
sides of the boxes, which have no gratings. As illustrated in FIGURES 1 and 2, the width of the line 

10 is directly related to the line shortening effect. This distortion of gratings 308, 310 causes a shift of 
the respective centers of the boxes in a direction opposite to the gratings portions. As illustrated, the 
center of first covered area 306, now labeled 502, is distorted upward and to the right of the original 
center 3 1 6 (illustrated in FIGURE 3). Similarly, the center of box 304, now labeled 504, is distorted 
downward and to the left of the original center 316 (illustrated in FIGURE 3). 

1 5 AVhen viewed through an optical microscope, gratings 308, 3 1 0 appear gray, due to the finger 

regions 402. By comparing the distance between center 502 and center 504, the metrology tool can 
determine the exposure gap. The line shortening effect is determined by the distance between center 
502 and center 504. If the width is the same for gratings 308, 310, there is a combined effect 
between the line contraction causing center 502 and the line contraction causing center 504. For 

20 example, if the width of the pattern line of gratings 308 and 310 is 80 nanometers, the distance 
between 502 and 504 corresponds to a line shortening effect for a 160 nanometer line. The test 
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structures can also be placed on production wafers to measure the variation of the gap across the 
wafer, including the tilt of the wafer. 

In one embodiment, the hne width, i.e., the width of the gratings 308, 310 is preassigned. 
From the line width and the line shortening effect, it is possible to use the empirical data from 
FIGURE 2 (or FIGURE 1) to determine the exposure gap of the target. The actual value of the 
exposure gap may not be important. For example, in one embodiment, test wafers with different tool 
settings (corresponding to gaps) are exposed to a dose of incident energy. Subsequently the resulting 
critical dimensions on the wafers are measured. From this data, a tool calibration chart is created, 
which compares the tool settings with the critical dimensions on the wafer. The chart can also be 
expanded by varying the tool settings for the dose with a fixed gap. For a fixed gap, the dose can 
also be varied to obtain a desired wafer critical dimension. Therefore, the exposure gap is 
determined by correlation of data. 

The exposure tool provides exposures of entire areas, which in one embodiment are 
approximately 30 millimeters by 30 millimeters. As noted, in one embodiment, the total structure 
of region 302 is 20 microns by 20 microns. From the correlation process, the exposure gaps for the 
regions within areas are determined, 

FIGURE 6 illustrates the same target structure as in FIGURE 3, to provide a different 
embodiment of the same essential concept. To recapitulate, included are a photolithography mask, 
having a first covered area 306, and a second covered area comprising the region between box 302 
and box 304. Here, however, the gratings regions are different. Region 306 has gratings 608 on the 
top, gratings 606 on the right side, arid gratings 604 on the bottom thereof Box 304, on the other 
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hand, has gratings 602 on the left side of the box. How these gratings are used is explained below 
with reference to FIGURE 7, 

Referring back to line 206 (line width of 120 nanometers) of FIGURE 2, there is an anomaly 
in that between at an approximately 1 3 micrometer gap and an approximately 1 5 nanometer gap, the 
5 line shortening effect actually decreases, instead of the expected increase. 

It is possible to combine different pattern line widths for oppositely placed gratings in order 
to change the cumulative effect between the line shortening of the oppositely placed gratings. This 
is better illustrated by reference to FIGURE 7. 

FIGURE 7 illustrates three lines 206, 704 and 706. Similarly to FIGURE 2, the abscissa is 
10 the exposure gap in micrometers, and the ordinate is the line shortening in nanometers as a function 
of the exposure gap. As in FIGURE 2, line 206 graphs the characteristics of a 120 nanometer line 
width. Instead of graphing single line widths, however, lines 704 and 706 graph the respective line 
width differences 120-150 nanometers and 100-120 nanometers. 

As illustrated therein, line 206 (line width 120 nanometers) has an anomaly in region 708 
1 5 (between approximately 1 3 nanometers and 1 7 nanometers), because the hne shortening effect first 
decreases, then increases. By combining the effects of two line widths, however, it is possible to 
change the line shortening characteristic through cumulative effect. For example, referring to line 
706, the resultant of the difference between a line width of 100 nanometers and a line width of 120 
nanometers is shown to have a desired monotonically increasing shortening line effect in region 708. 
20 Referring back to FIGURE 6, gratings 608 and 604 are opposite from one another. By 

creating gratings 608 to have a line width of 100 nanometers and gratings 604 to have a line width 



-13- 



Lockheed Ref. No.: FE-00300 
LA&M Ref.No.: A-20929 

of 120 nanometers, the characteristics of hne 706 are produced for a center Hne shift between these 
hnes. In other words, the amount of dislocation of a center point in box 306, between gratings 608 
and gratings 604, can be used to determine the exposure gap in region 708. 

While the invention has been particularly shown and described with reference to preferred 
embodiments thereof, it will be understood by those skilled in the relevant art that various changes 
in form and details may be made therein without departing from the spirit and scope of the invention. 
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